Abstract-This paper presents optimal design of antennas for passive IC tags used in UHF-band radio frequency identification. To improve the performance of IC tags, the shape of the meander line antennas and planar lattice antennas are optimized using the genetic algorithm. In the optimization process, the objective function includes the terms relevant to the antenna size, gain and input impedance. The characteristics of the antennas printed on a dielectric substrate are evaluated using the moment method. The optimization results in desirable input impedance for impedance matching and miniaturizing.
I. INTRODUCTION Radio frequency identification, so-called RFID, recently has many applications in various fields. The RFID system consists of a reader and IC tags. The reader transmits query signal by electromagnetic wave, and the IC tag sends back responses to the reader by changing scattering power. The passive IC tags, which have no batteries, operate by receiving electromagnetic energy sent by the reader. In general, the passive IC tags can be smaller and simpler than the active IC tags which have batteries, whereas the read range is short compared with that of active-tags, where the read range is defined by the maximum distance to receive enough power for operation of IC chip from the reader. For this reason, RFID tags have strong requirements for increase in the read range to be made more convenient and applied in further purposes.
To maximize the receiving power and increase the read range, it is important for impedance matching between tag antenna and IC chip. Moreover, from practical aspect, to obtain high gain and decrease antenna size are desirable. However, it is uneasy to satisfy these requirements simultaneously because antenna properties are very sensitive to the antenna shape. This paper will present evolutional optimization of antenna shapes for UHF-band RFID.
II. OPTIMIZATION APPROACH In this optimization, we evaluate the antenna characteristics with the moment method [1] , and antenna shapes are optimized by using real-coded genetic algorithm (RGA).
The aim of the optimization is that the input impedance Z a =R a +jX a is close to the complex conjugate of the impedance of the IC-tag chip Z c =R c +jX c for impedance matching, antenna gain is maximized and antenna size is minimized. The objective function to be maximized is given by
where t is the power transmission coefficient which represents the efficiency of the power transmitted from the tag antenna to the IC chip. When the antenna is matched to the loaded IC chip, t becomes maximum, whose value is given by 
In (1), G is the antenna gain, S is antenna size, S max is design space size and s is weight of antenna size's term. To obtain desired antenna shapes, we maximized fitness value calculated by (1) in RGA process.
III. OPTIMIZATION RESULTS We optimized the shape of a meander line antenna (MLA) and planar lattice antenna (PLA). We set the operation frequency of these antennas to 956MHz which is the legal frequency for RFID operation in Japan, and prescribed impedance is 30+j350W. It is assumed that these antennas are placed on the glass epoxy substrate whose relative permittivity is 4.1. To consider the effect of the dielectric substrate, we employ the image charge approach for antenna evaluation [2] .
A. Meander Line Antenna
Because the MLAs are folded line antennas, the size of MLAs could be smaller than that of the corresponding dipole antennas. The optimization result is shown in Fig. 1 . The input impedance of optimized MLA is 28.08+j350.4W, antenna gain is 1.535dBi and antenna size is 590mm 2 . This antenna size is much smaller than that of optimized antenna using objective function without the antenna size term [2] .
B. Planar Lattice Antenna
To reduce the antenna size further, we next consider the PLA which includes branches, loops and floating line in contrast to MLAs. The optimization result of PLA is shown in Fig. 2 . We found out that other antenna's properties of PLA are similar to those MLA. Note that the resultant PLA has 6% shorter wire length and 20% smaller area in comparison with the optimized MLA. Fig2. Optimized shape of PLA (unit mm).
